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TECKNICALNOTENO.301.

DRAGANDCOOLINGWITHVARIOUSFORMSOF COWLINGFORA
lf]~~~\~IND!lENGINEIN A (j~INFUsELAGEa

By FredE. Weick.

summary

TheNationalAdvisoryCommitteeforAeronauticshasunder-

takenan investigation,in the20-footPropellerResearchTunnel

at LangleyFieldjon thecowlingof radialair-cooledengines.

A portionof theinvestigationhasbeencompleted,in whichsev-

eral.formszcnddegreesof cowlingweretestedon a Wright“Nhirl- ~

wind”J-5enginemountedin thenoseof a cabinfuselage.The

cowlingsvariedfromtheoneextremeof an entirelyexposeden–

gineto theotherin whichtheenginewas entirelyenclosed.

Coolingtestsweremadeandeachcowling’modifiedifnecessary

untiltheenginecooledapproximatelyas satisfactorilyas when

it wasentirelyexposed.Dragtestswerethenmadewitheach

formof cowling,andtheeffectof thecowlingon thepropulsive

efficiencydeterminedwitha metal.propeller.

Thepropulsiveefficiencywasfoundtobe practicallythe

samel~ithallformsof cowling.The’dragof thecabinfuselage

withuncowledenginewasfoundto be morethanthreetimesas.,
greatas thedragof thefuselagewiththeengineremovedand

noserounded.Theconventionalformsof cowling,in whichat
.
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*
leastthetopsof thecylinderheadsandvalvegearareexposed,

b reducethebag somewhat,butthecowlingentirelycoveringthe

enginereducesit 2.6timesasmuchas thebestconventionalone.

Thedecreasein dragdueto theuseof spinnersprovedtobe

almostnegligible.
.

Theuseof thecowlingcompletelycoveringtheengineseems

entirelypracticalas regardsbothcoolingandmaintenanceunder

serviceconditions.Itmustbe caxefullydesigned,however,to

coolproperly.Withcabinfuselagesitsuse shouldresultin ae
substantialincreaseinhighspeedoverthatobtainedwithpres-

* -
c entformsof cowlingon enginessimilarin contourto theJ-5.

# IntroductionL.

\,. Theproblemof.cowlingradialair-cooledengineshaspuz-

3. zledaircraftdesignerssince theadoptionof thestaticradial
“[

engine.Thecowlinghasm importanteffecton boththecooling

of theengineandthedrsgof theairplane,andno reliabledata

on eitherhavebeenavailable.

At theconferenceof aircraft manufacturersheldatLangley

FieldonMay24,1927,severalrequestsweremadethatan inves-

tigationof thecowlingandcoolingprobleminregardto radial

,4 air-cooledenginesbe undertakenin thenewfullscalepropeller

ResearchTunnelwhichwasthenjustbeingcompleted.w, A program

fora seriesof testswasdrawnup andsubmittedto themanufac-

turersforcriticismsandsuggestions,severalof whichwere

4
.

u



4

N.A.C.l.TechnicalNoteNo. 301 3
*

adopted.
* Theprogrrmas finallyarrangedincludestenmainformsof

cowlingtobe testedon a J-5enginein connectionwithtwofuse-

lages,threeon W+ opencockpitfuselageandsevenon a closed

cabintype. Thesevenformsof cowlingon thecabinfuselage.
rage fromtheoneextremeof an engineentirelyexposedexcept

fortherearcrankcase,to theotherextremeof a totallyen-

closedengine.Oneof thecowlingswiththeopencoc’kpitfuse-

P. lageincludesindividualfniringsbehind”eachcylinder.Three

formsof cowling,twoofwhichareon thecr.binfuselage,afford
b
, directcomparisonswithazndwithout

, progrcminvolvesthemeasurementof

tures,eachcowlingbeingmodified,

a propellerspinner.The

theenginecylindertempera-

ifnecessary,untilthecool-
! ingis.satisfactory.Thecowliqgis thentestedforitseffect

7-. on dragandpropulsiveefficiency.w’
Sincethisprogra necessitatesextensivestructuralchanges

betweenthetestson thevariouscowlings,it isrequiringa

considerableperiodof time. Theportionof theinvestigation ---.
involvingthecabinfuselageisnowfinishedcndisbeingreport-

ed in a preliminarymsrmerin thisnotein orderto makethere-

sultsavailableto thoseinterestedas quicklyaspossible.A
●

morecompletereportcoveringthe

w publishedlater.

Althoughthetestsarebeing

entireinvestigationwillbe

madein thepropellerResearch

Tunnel,a greatdealofhelphasbeenreceivedfromothersec-
4
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tionsof thelaboratory,especiallytheFlightOperationsSec-
● tion,whichmadea beautifuljobof thecowlingandalsocontrib-

utedmanyhelpfulsuggestions,andthepowerPlantsDivision,.
whichconductedthemeasurementof thecylindertemperatures.

MethodsandApparatus

ThePropellerResearchTunnelis of theopenl,throattype

withan airstresm20 ft.in diameter,inwhichvelocitiesup to

p 110M.P.H.canbe obtained.A c6mpletedescriptionof thetun-

nel,balances,andothermeasuringdevicesisgiveninReference
9

* 1.

d 8 A standardWright‘IwhirlwindifJ-5enginedelivering:,-,
at 1800R.P.M.wasusedforthesetests. Itwasmounted

k

200HP.

on a

dynamometerenclosedwithinthefuselageso thattheengine
-tw- torquecouldbe measureddirectly.The’torqueasmeasuredin-

cludedthetorqueon theenginecylindersdueto thetwistof

theslipstream.In ordertq correctforthiseffecta Special

testwasinadeinwhichthreeJ-5cylinderscompletewithvilve

housingsweremountedunderthefrontportionof a water-cooled

WrightE-2engineon a VE–7fuselagein thepropellerResearch

Tunnel(Fig.11). Thecylinderswerein thesamepositionrela-
●

tiveto thepropelleras on a J-5engine.Themiddlecylinder

a onlywassupportedin suchamannerthatitstorqueaboutthe

engineaxiscouldbe measured,andthesamepropellerusedin

thecowlingtestswasdrivenby theE-2engine.Thetorqueon
4

I
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*

theniddlecylinder17asthenfoundforvariousengineandair
* speedswithdifferentamountsof cowling,andtheresultshave

beenusedto applya correction,amountin~to asmuchas 3

per centin somecases,to the enginetorqueandpcwer.

Theccbinfuselagewasdesignedto havea shapeandsize

approximatingtheaverageof thefuselagesof severalcommrcir~

l“ithirlwind’tenginedcabinmonoplanes.Thefuselagewasof rec-

tangularcrosssectionfromthemaximumsectionto thetail,

m andtheforwardportionwasgradusllyfairedto a circularsec-

tionat theengine..Thiswholeforwardportionwasrebuilt.
Y for thev~xious.cowli~s. .

In orderto makecertainthatttie tests wouldbe directly.

applicableto thepresentdayhigh–wingcabinmonoplanes,a stub
*

wingandpilot~sextensioncabin~d windshieldweremountedon

h- thefuselageandtestedwiththreedifferentcowlings.The

wing,whichwas constructedof flatsheet~uminumovera wooden

frame,hadtheG8ttingen398section,witha 7-footchordand

16-footSp~.

Theopencockpitfuselageis similarin shapeto thatof a

VoughtiJO-1airplane,anda UO-1typelandinggearisbeingused

withboththeopenandcabinfusel~esin thisinvestigation”in
&

ordertokeepthelandinggearfactorconstant.

a Thecylindertemperaturesof theJ-5 engirle weremeasured

at 69 differentpoints,47 beingon thetop (No.1) cylinderand
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# therestdistributedat twoor threerepresentativepointson

* eachof theothercylinders.A massof otherenginedatasuch

as themanifolddepression,fuelconsumption,andcarburetorair

temperature,werealsoobtained.Onlya smallportionof the

enginedatais necessaryto thepresentinvestigation,andmost

of it,alongwitha completedescriptionof thethermocouples,

pyrometers,andotherinstruments,willbe publishedin a sepa-

ratereportby thepowerplantsDivisionof thelaboratory.

Theentireprogramincludestenmainsetsof cowling.Nos.
.

1, 2, and3 areto be usedwiththeopencockpitfuselageand
.
. havenotyetbeentested.Thecowlingstestedon thecabin

fuselagemaybe outlinedas follows:

No.4

No.5

No.6

&

No.8

.

No cowlingovercylindersor crankcase. Tested

withandwithoutwing(Fig.1).

Cowlingcoveringslightlylessthanone-halfof

eachcylinderandovercrsmkcase. Testedwith

andwithoutwing(Fig,2).

Sme as No.5 butwithspinner.Testedwithand

withoutwing(Fig.3).

Cowlingovernearlyallof eachcylinderandover

crankcase(Fig.4).

S~e as No.~ butwithspinner(Fig.5).
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No.9 Singlecowlingcompletelycoveringcylindersbut

no cowlingovercrankcase(Fig.6).

NO*1O SaneasNo.9 butwithinternalcowlingsimilar

Allof the

withfirewalls

to No.5 overlowerportionof cylindersand

cr~.kcase(Fig. ?)-

cowlingswereconstructedin a practicalmanr.er

andlouvers.

Thefirsttestmadewitheachcowlingwason thecooling

properties;thecylindertemperatureswiththeuncowledengine

(No.4) beingusedas a criterion.Inthefirstfewsetiesof

coolingteststheenginewasrunat fullthrottleat airspeeds

of 60,80,and100M.P.H. At eachspeedtherunwasmaintained

untilthetemperatureconditionshadbecomeconstant.Itwas

foundthatin eachcasetheengineran slightlywarmerat 80

M.P.H.thanat either60 or 100,sotheremainderof thetests

wererunat80 M.P.H.as representingtheworstflightcondi-

tionsforcooling.Theconditionswerethereforesimilaxto

thosein

ingwith

uncowled

an extended

uy cowling

engine,the

were

cool

fullthrottleclimbin flight.If thecool-

wasnotas satisfactoryas thatwiththe

cowlingwasmodifieduntilsatisfactory.

runwiththeVariouscowlings,bothas theyDragtestswere

originallyconstructedandas theywerefinallymodifiedto

properly.
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Aftera cowlingcooledproperly,propellertestsweremade

* to determinetheeffectof thecowlingon thepropulsiveeffici–

ency. Thepropeller,whichhadadjustablealuminumalloyblades

(Fig.31), wastestedatbotha lowanda highpitchsettingwith

eachcowling.Thehubtowhichthebladeswerefittedwasof

steel,andin orderto saveweight,hadbeenmade1 inchshorter

thanthehubforwhich’thebladeshadbeendesigned,so that

whilethe’drawingshowsa 9-footpropeller,thediameterin these

testswasactually8 ft.11 in.y Thepropulsiveefficiencyfound

fromthesepropellertestsincludestheincreasein dragof all

J partsof thebodyaffectedbv theslipstreamandalsotheef-

fectof thebodyinterferenceon thepropellerthrustandpowert.

CoolingTests

. ThecylindertemperaturesobtainedwithcowlingNo.4

i (engineuncowled,Figs.1, 12 and13)at fullthrottleand80

M.P.H.wereusedas a criterionby whichto judgethecooling
.

withtheotherformsof cowling.The,particulartemperatures

usedforcomparison&cetabulatedin TableI. Theh:ottestpsxt

of eachcylinderwasthereazsparkplugboss,andit wasat

firstthoughtthattheavers&eof therearsparkplugbosstem–

v peraturesforallninecylinderswouldbe usedas a measurefor#

*
comparison.In someruns,however,oneor twocylindershad

verylowte~peratures,probablybecausetheywerenotdeveloping

fullpower,so theaverageof thefivehottestcylindershasbeen
4 .

,
1 .
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takenas a bettercriterionof thecooling.Thehighesttempera-
*

turerecordedon anycylinderwasslsousedas a criterion,and

alsothreerepresentativepointson cylinderNO. 1 (topcylinder).

Oneof thesewasat thereazsparkplugboss,oneat therear

centralportionof thebarrel,andthethirdat therearlower

portionof thebarrel.Therearpointswerechosenbecausethey

represented

additionto
~ temperature

. considered.

the

the

and

highesttemperaturesaroundthecylinders.In

abovecylindertemperatures,thelubricatingoil

thetemperatureof theairin thetunnelwere

b Thetemperatureconditionsunderwhichthesetestsweremade

, in thewindtunnelweremoreseverethantheconditionsfoundin

flightin a temperateclimate,
b

andprobablycorrespondto those

of a sustainedfullthrottleclimbin a tropicalclimate.The

cylindertemperaturesrecordedwerethereforein theneighborhood

of 100°higherthanhavebeen

Thecoolingwithcowling

thecowlingcoveredthecrank

foundin flighttests.

No.5 (Figs.2 and12),inwhich

caseandnearlyhalfof eachcyl-

inder,wasbetterthanwithno cowlingwhateverovertheengine.

Thehottestfivecylinderheadtemperaturesaveragednesxly70°F.

lowerthenwithcowlingNC 4, whilethecylinderbarrelandoil
*

temperatureswerethesame. WithcowlingNo.6 (Figs.3 and15),
b whichwasthesameasNO.5 exceptingforthespinner,thecool:

ingeffectwouldbe okviouslyabcutthes~e aswithNo. 5, sono

4 coolingtestswereconsiderednecessary.(Sincethefullthrot_
●

,1
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c
.

tlerunningseemedunusuallysevere,andsinceit wasnecessary

to runtheenginewiththermocouplesattachedforover100hours

in allno fullthrottlerunningwasdonewhichwasnotnecessary.)

No.7 cowling(Figs.4 and16)as originallyconstructed

enclosedthewholeengineexceptforthetopsof thecylinder

headsandthevalvegem. At thefrontof theGylinderthecowl–

ingcamejustunderthesparkplug,andat therearit camejust

overthecylinderheadproper,enclosingtherearsparkplug.

Thecoolingwiththiscowlingwasnotsatisfactory,fortheoil

andcylinderbarreltemperatureswereexcessive,althoughthe

headtemperatures,eventhoseof theenclosedrearsparkplug

boss,wereconsiderablylowerthanwithno cowlingovertheengine.

ApparentlywithcowlingNos.5, 6, 7 and8, theairflowspast

thecylinderheadsat greaterspeedthanwithno cowlingover

theengine.In orderto improvetheoilandcylinderbarrel

coolingwithcowlingNo.~, fourslotswerecutin thenoseas

showninFig.l?. Thesewere

barreltemperaturessomewhat,

toohigh,m.don thisrunthe

effectivein reducingtheoiland

butthetemperatureswerestill

pistonin cylinderNO.9 failed

dueapparentlyto excessivetemperature.Thehi~hpistontemper-

aturewasprobablydueto thefactthatwiththehighoiland —
d

cylinderwalltemperatureswithcowlingNo.~, theheatwasnot

* conductedawayfromthepistonskirtrapidlyenough.Theengine

wasrepaired,andsixlargerslotsmereput in thenosecowling

overthecrankcaseas shownin Figure18. Enoughlouverswere
4

.
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*
alreadyinthecowlingbehindtheengineto permittheescapeof

.

b

. theairpassingthreughthenoseslots.Withthisarrangement

thecoolingwasconsideredsatisfactoryas ccmp.aredwiththatof

theuncowledengine(No.4). Thecylinderheadtemperatureswere

a littlelowerthanfortheuncowledengine,theoiltemperature-

waspracticallytheGame,andthebarreltemperatureswerea lit-

tlehigher,

Incidentally,a seriesof testswithdifferentsizedc=bu-

retorjetswasrunwithcowlingMo.7. It wasfoundthatthe

cylindertemperaturescouldbe reducedmateriallyby increasing

thejetsize.

Cowlir~No.8, whichwasthesameas No.7 exceptthatit

had a spinner,is shownas originallyconstructedin Figures5,

19, and20. On accountof thelargespinner,

to thosein cowlingNo,7 couldnotbe used.

ingwascutawayimmediatelyin frontof each

noseslotssimilar _

instead,thecowl-

cylinder,as shown

in Figure21,to maketheenginecoolproperly.

CowlingNo.9 completelycoveredtheengine(Figs.6 snd22).

Theairwastakenin at thenoseandallcwedto flowpast:theen-

gine,whichwasentirelyuncowledinsideof thecuterhood,and

outof an annularslotsimilarin sectiorzto somewingslots

M whichhavebeentested.Thistypeofnoseandslotweredesigned -_

to offeraslittledi~turb~ceto theflowof airoverthefuse-m
lageaspossible,separatingtheai~forcoolingtheenginefrom

thegeneralflowandthenfeedingitEacksmoothlythrcughthe
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w
slot. No informationwasavailablewhenthiscowlingwasdesigned .

. regardingthenecessarysizeof theholein thenoseor theslot.

In thecoolingtestwiththeoriginal.No.9 cowlingthecylinder.

headtemperaturesbecameexcessivein a veryshorttime.
.

No.10 ccwlingwasthe

5 cowlinginsidealso(Figs.

rectedmoreparticularlyat

ssmeasNo.9 exceptthatithadNo.

7 and23),so thattheairwasdi-

thecylinderheads,andat the,same

timehada smootherpathpasttheehgine.Thisimprovedthecool– ~

* ingof thecylinderheadsslightly,buttheystillranmuchtoo

hot. DuringthetesttheheadofNo.3 cylinderdevelopeda. *
b smallholeabout1/8inchin diameter,apparentlycausedby a de-

fectivespotin thealuminumalloybecomingtoohotto withstand

thecylinderpressures.Thiscylinder
t .

It is interestingtonotethatthetwo
. bledueto cooling,eNos.5 and9, were

wastherefarereplaced.

cylinderswhichgavetrou-

deprivedof theirfull

shareof coolingairby themagnetos,whichon theJ-5engineare

placedin frontof thecylinders.

Theoutletareaat’theslothadoriginallybeenmadesmaller

thantheinletarea,andthecowlingwasthenmodifiedby cutting

3 inchesoffof theskirto.fthehoodor nosepiece,whichin-

creasedtheareaof theslotto thatof theopeningat thenose.
.

● Withthismodificationthecoolingwasfairlysatisfactoryexcept —

w forthecylinderslocatedbehindthemagnetos(Nos.2, 3, 8, and9).

Themagnetoseffectivelyblockedmostof theairfromthosecylin-

der6.
#

-1
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i?ext,deflectors,as shownin Figure9, wereinstalledbe–

tweenthecylindersto directtheairto thehottestportionsat

therear. Thesealsoreducedthetemperatu~esslightlyandwere

retained.Thenextmodificationwasto enlarge;heholein the

nosefrom24 in.to 23 in.in di’ameter.Itwasthoughtthatthis

wouldnotonlyallowmoreairto flowpasttheengine,butalso

enablesomeairto passoverthemagnetos.Withthe28-inchopen–

ingthecoolingvm,smuchbetterbutthecylindezsbehindthemag–

netos,especiallyNo.9, stillru toohot.

Nexta cut–outwasmafiein thenosepieceovereachmagneto.

Thisimprovedthecondition~somewhat,butnotsufficiently,so“

thecut–outsoverthemagnetosmereenlarged,thecowlingas it

thenagpearedbeingas shonnin Figures8, 24,and25. Witlithis “

thecoolingwasfairlysatisfactory,butthetempera-arrangement,

tureswerestilla littlehigherthanfortheunccwledengine,

especiallyat thelowerpoztionof thecylinderbarrels.

In theoriginaldesign,theslothadbeenplacedas faxfor-

wardaspossiblein thehopethatitwouldhelpremovethebound-

ary layer near the regioncf rathersharpcurvatureat thenose,

andtherebyhelpreducet’hedrag. Thisnecessitateda sharprise

in theiniern~cowlingimnedi.atelykehindthecylinders,which

hinderedtheflowof thecoclingair. In a effortto reduce

mainlythek.arrel,titalsotheheadtemperatures,stillfurther,

therisebehindthecylinderswasmadegradualandtheslotmoved

fartherbackas shownin Figures8 and26. Theinsidedeflectors



●

✎

.

.

N.A.C.A.TechiiicalNoteNo. 301 14.

wereretainedasbefore.Withthisarrangementthecoolingwas

verynearlyas goodm withtheuncowledengine,andforthe —

firsttimewiththecowlingcompletelycoveringtheengine,the —
testwascontinueduntilthetemperatureconditionsbecamecon-

stant(about10 ninutes).Thefivehighestheadtemperatures

averagedabout30°F,higherthenforthemcowledengine,the

barreltemperaturesaveragedabout60°F.higher,andtheoiltem-

perature172sonly5°F,higher.Theoilteqpe~aturecould,of

course,be reducedby redticing”thecowlingcoveringthecrank

case. Onethermocouplehadconsistentlyrecordedthehighest

temperatureswithNo.10 cowling,arndthisonewasstillsomewhat

high.

A runwasmadenextwithoutthedeflectorswhichdirected

theairaroundthecylinders:Allof thecylindertemperatures-

becameratherhighin a shorttime,andtherunwas stopped.
.

Sincetheabovedeflectorswereevidentlyveryhelpfulin

coolingtheengine,anotherrunwasmadewithimprovedones.

Theoriginal.deflectorsdirectedtheairaroundbothsidesof

thecylinders,butthesecondsetturnedtheairin onedirec-

tion.only,as showninFigures10 and2~. Theywerelargerthan

thefirstones,anddirectedabouttwo-thirdsof theairbetween

eachtwocylindersaroundtheexhaustvalveandrear sparkplug.

Thecoolingwiththisarrangementwasconsideredapproximately .

as satisfactoryas withtheuncowledengine.Thecylinderhead ..
temperatureswereaboutthesame,andthecylinderbarreltem-

peratures,whichstillaveragedabout60°F.higher,wereconsid-

eredpermissible. .
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In orderto deterninewhetherenclosingthepropellerhub

in a spinnerwouldhelp

inganddrag,theabove

sideas shownin Figure

theairflow,andconsequentlythecool-

cowlingwastestedwithlJO.6 nosein–

28. Aftera fewminutesof runningit

was apparentthatthecoolinganddragwereaboutthesaiieas

withoutthespinner,sotherunwasdiscontinued.

Resultsof DragTests

TheobserveddragtestdataaregiveninTable11 aiidthe

s

.

resultsareplottedin FiGgure30. T~leCtrag

(withoutsupportsor landinggeax) withthe

givenforW. airspeedof 100X.P.H.in the

of thebarefuselage

variouscowliil~s

followingtable.

is

COW,ling

No. 4

~Jo.5

NO.6

No.~

No. 7

NO.8

No.8

NO● 10

No.10

~“ine uncowled

Ho spinner.Original

Spinn”er.‘Original

No spinner.Original

Modifiedto cool

Spinner.Original

Modifiedto cool

ao~binationof9
and5. Original

?dodifiedto cool

Fuselageand
enginedr,ag,

lb.at10GE.P.H.
1~~

13.9

116

103

111

lCO

106

64

y5

Reductionfrom
uncowledengine,
lb. at100M.P.H.

o

6

9
22

14

25

19

61

50.



N.A.C.A.TechnicalNoteNo.301 16 “
.

Fuselageazki
Cowling engiaedreg,

lb. at100M.P.H.

Reductionfrom
uncowledengine
lb. at 100M.P.H.

50

Thelastizcmlisted,No.4 cowlingniththeengineremoved

andthenoserowded as shownin Fiogure29,hasbeenincludedas

an idealwithwhichto comyaretlie effectof thevariouscowlings.

Usingthi~as a ‘~asis,theu.n~cwledengineisresponsibleforan

increasein dragof 85lb. at 100M.P.H.

Theoutstaizdingfeature-ofthedragtestsis thelargereduc-

tionin dragobtainedwiththecowling,whichcompletelycovers

theengine.Consideringonlythecowlingswhichcoolproperly,

thereductionof dragwithNo.10 cowlingis about60 percent

of thetotclpossiblereduction,andis 2.6timesas greatas

withthenextbest,Ko.8.

Thedr~~of thebarefuselagewithoutengineis only40 lb.

at 100IJ.P%5=Whentheuncowleden~ineisplacedon thenose

thedragis increasedto 125lb.,or 3.13timesthatof thebare

fuselagewithoutengine.Withthebestconventionalcowling

(No.8) thedr~ is106lb. or 2.65timesthatof thefuselage

alone,=.dwiththecowlingtotallyenclosingtheengine(No.

thedragis75 lb.or 1.87timesthatof thefuselagewithout

10)

--

—

—.

engine.
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Theformsof cowlingmostusedin servicearesimilarto

Nos.5 md 6, andthesehavea veryslighteffecton thedii.ag,

andconsequentlyan almostinsignificanteffecton theperform-

anceof an airplane.Thereductionof dragis smalleven‘.Jhcn, .
practicallythewholeof the-cylindersarecowledin,as inHo.

8. Apparently,if e-rena smll portionof theengineis exposed,

it is sufficientto disturbthesmoothflowoverthebody,ad

theturbulentflowis associatedwithhighdrag. %lentheentire

engineis coveredandthecoolingciris sepz,ratedfronandre-

turnedto theoutsideair~moothlyas withcowlingNo.10,the

smootherflowis evidentlyaccompaniedby a substantialdecrease

in dr~. .
It is interestingto notethatwithconlingNos.~, 8, and

10, it costrespectively8 lb.,6 lb.,~d 11 lb.in dragat

100M.P.H.to maketheoriginaltiesignscoolproperly.Apparent-

ly, themethodusedwithNo.8, whichWa=to cutawaythecow-l-

ingimmediatelyin frontof the‘cylinders,costsslightlyless

in dragthanthe slotsofZ?O.7.

Thevalueof spinnersin reducingthedrag,whenusedin

frontof radialair-cooledengines,is sbomnby a comparison

of cowlinglTQs.5 and6 andNos.7 and8 as originallydesigned.

In eachcasethedr&gwithspinnerwas3 lb.lessat 100M.P.H.

thanthedragwithoutspinner.Thiswouldrepresenta differ-

encein speedof a sm@l fraction(aboutone-third)of a mile

perhouron an averageairpl~ewitha J-5engine.

. .

.—

--.-

—-
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It is interestingthatthe stubwingwithwindshieldin-

creasedthedragonly57lb. at 100M.P.H.withcowlingNo.4,,
and50 lb.withNos.5 and6 (No.4 had slightlymorepilotis

winds~ieldexposed),althoughthedragof thewingalonewould

be about75 lb. as computed,frommodeltests.

Resultsof PropellerTests
●

A largemassofpropellertestdatahasbeenobtainedduring

thesecowlingtests,onlya smallportionof whichis necessary

to showtheeffectof.thevariouscowlingsonpropulsiveeffici-

ency. Therestwillbe usedin anotherreportdealingwithbody

interference.Thepropulsiveefficienciesobtainedwiththe

variouscowlingsareshownJn Figure32 fora propellerblade

angleof 15°at the42-inchradius,andin Figure33 for23°at

the42-inchradius. (Theseanglesettingscorrespondtopitch- --
dismeter.ratiosof .66and1.02,thepitchbeingtakenat 75.

per centof theradius.Thepitchof thispropelleris approx- _.
imatelyuniformforallworkingsectionswhenthepitch-diameter

ratiois about.5.) Thecurvesofpropulsiveefficiencyare

verynearlythesameforallcowlings,

settingstheefficiencieswithcowling
s Thepowerandthrustcoefficientswere

● sameforallcowlings.

althoughforbothpitch

No.10 arethehighest.

s3sopracticallythe
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Effecton AirplanePerformance:

It is interestingto comparethevariousformsof cowling

withregardto theireffecton theperformanceof a typicsl

fl~irlwindllenginedcabinmonoplane.Supposesuchan airplane

withan‘mcowledenginesimilartoNo.4 required200HP.to

flyhorizontallyat125M.P.H. If theairplanewereequipped

withtheusual~mountof cowling,sikilartoNos.5 and6, the

powerrequiredwouldbe reducedto 196or 194HP.respectively,

at 125M.P.H. If a cowlingsimilarto No.8, whichis thebest

of theconventionalforms,wereused,theairplanewouldrequire

only187HP.,andwitha cowlingcoveringtheentireengine

similartoNo.10,16?HP. Theairplanewiththelattercowling

couldthereforeflyat125M.P.H.withtheenginethrottledmore

thaii100R.P.M.fromtherevolutionspeedrequiredwiththeun-

cowledengine.If thefull200HP.wereto be used,a cowling

similanto No.6 (withspinner)wouldincreasethespeedless

thanoneM.P.H.,onesimilarto NO.8, about3 M.P.H.,md one

similartoNo.10,about8 M.P.H.

Consideringalltypesof cabin’airplaneshavingthesame

engine,thehigherthespeedattainedwithordinaryformsof

cowling,tb.egreaterwillbe theimprovementpossible.Thisis,

of course,dueto thefactthatin thefasterairplanesthefuse-

lage-enginedragis a largerportionof thetotal.
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Practicability:‘“
m Allof theformsof cowlingtestedhavebeenusedon air-

.-

planesin serviceexceptingtheoneentirelycoveringtheengine.

Theformsenclosinga largeporticnof theenginehavebeen

foundratherpoorfroma,maintenancestandpointbecauseof the

largenumberof smallpartswhichmustbe removedwhenit is

necessaryto workon theengine.Thisdifficultyis accentuated

wheremetalspinnersareused,butfortunately,as thesetests

haveshown,spinnershavecm almostnegligibleeffecton the

performanceof airplanes.

TheNo.10 cowlingis similarto No.5 in construction,ex-

ceptforthenosepiece. Whenthisis removed,mostpartsof.

theenginerequiringfrequentattentionareaccessible.As made

forthetests,thenosepieceforNo,10 cowlingwasa one–piece

ringwhichwaseasilyconstructedandeasilyhandled,itsshape

beingsuchthatit wasstiffandstrongwithoutbracing.Ithad

thedisadvantage,hcwever,thatin orderto removeit,itwas

firstnecessaryto takeoffthepropeller.To avoidthisin

practiceitwouldprobablybe desirableto makethenosepiece

in twoor threequick-detachablesections.

WiththeJ-5engineit wasnecessaryto havea rathersharp,.
. curvatureat thenoseof theNo.10 cowling.A bettershape,and

● thereforestillbetterperformance,couldbe obtainedwithan

enginehaving (1)a greaterdistance‘betweenthecylindersand

thepropeller,(2)smallerover-allsdiaeter, (3)thevalve



,
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s
gear ~t the‘rcrxof thecylindersinsteadofprojectingin front,

e and (4)magnetosat therearof thecylinders.

Conclusions

1. Thedragof aiiaver@ sizedcabinfuselagewithtile

enginercm.ovedandthenoseroundedis tripledby placingan

uncowledJ-5engineon thenose.

2. Withtheconventionalformsof cowlir~,
● tionof thecylindersandvalvegearis exposed,

●
comeslessas thecowlingis increased,but even

.
extremecasethereduction.mnountsto onlyabout

. theincreasein dragdueto anmncowledengine.

.
3* A spinner,ifusedin’frontof a radial

● creases thedragbut a verysmall

ligibleeffecton theperformance

4. Witha

tireengineand

aboutthebody,

amountandhas

of an airplane.

.

inwhicha por-

thedragbe-

in themost

23 per centof

engine,de-

cm almostneg-

cowlingsimilartoNo.10,whichcoverstheen-

separatesthecoolingairfromthegeneralflow .-

thereductionindragis about60 per centof

theincreasedueto anunco~ledengine!

as greataswiththebestconventional
*

Thifiis about,2.6times

formof cowling.
.



.

.

N.A.C.A.TechnicalNoteNo.301 22
■

5. Theuseof cowlingsimilartoNo.10 seemsentirely
b practicfias regardsbothcoolingandmaintenanceunderservice .

conditions.Itmustbe carefullydesigned,however,to COO1

properly.

LangleyMemorislAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Lmgley Field,Vs.,October5, 1928.

.
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1. Weick,FredE. TheTwenty–FootPropcllerResecmch
and ● Tunnelof thelTationalAdvisory

Wood>DonaldE!.● CommitteeforA erom.utics.
N.A.C.A.TechnicalReportNo.300.
(1928)
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Cowling

NO* 4
no. 5
No. 7
*g: ;> ; y:g; :l:;se

*HO. 9’
*JTO. 10
*NO. 10, largerslot*Xom10,2&inch hole in ‘oseI

cylinderdeflection
*FO.10,cut-outsovermsgnetOs
*l?o.10,largercut-outs
No.10,slotmovedb~
*Ko.10,cyl.deflectorsremoved
No.10,singlecyl.deflectors
.

TABLEI.

Cool@!!est~t~
eratmesinDureesFahrenheit.
Average
taql.

5 hottest
yl.heads,
rem?lug
bOBS—
673
m5
~6
lX$8
664
731
755
740

@5
705
&’/
701
7’04
683

Highest
temp.
onany
Cyl.

728
666
6S1
702
750

z

768
l’fx)
7?8
772
778
753

oyl.
No. 1
rear
plug
boss

583
51?5
618
612
653
6’73
6E2
654

E35
658
6’/0
668
670
6C2

C&l.
No. 1
barrel,
miadle
rear

353
361
476
397
432
Z77
403
335

428
452
4ELI
396
460
430

——

oyl.
Ho. 1
barrel
bottom
rear

S78
37’9
557
458
M7
438
430
355

“467
477
498
428
498
432

= sto~edbecaueoflr@ to~er~tures~e~oreconstantconditionswerereached.

oil
tenp.

140
138
167
144
146
12’7
133
126

133
132
140
146
145
149

J

77
w“
86
86
86

I
I

-- ,.,
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TAKKEII.

ObservedGrossDra.eData.IncludineLsndi~ Gearand EhrrrOorts. z
—---+
‘& c1
Ell%4#
Drsg ●

“lb. ~

q
14’7 s
147 ;
la L
161
Z02 ~

202 ;
135
134 2
12=4 ●

J.24 CJ
109 e
110
96
94
79
79
69
72

Ro. 5
Withoutwiw

Ho. 6
Withoutwing

NO* 7-o
Withoutwing

No. 4
Withwing

. .

No. 5
Withwing

NO. 6
17ithwiw

No. 4 ‘P”EE?i2
q

lb.pe:
Sq.ft

Ifithoutwing

Q
lb.per
Sq.ft:

16.50
16.50
17,92
17.92
20.00
20.00
24.82
24.58
14.76
14.E3
13.29
13.08
11.59
11.50
9.05
8.97

q
lb.per
Sq.ft.

-
)rag

lb.

z--
.43
.60
.60
.68
.70
!15
!17
.18
.16
98
97
81
85

-
Drag
lb.

G
202
278
2131
290
295
228
232
207
208
172
172
150
153
128
129
107
102
93
93

_=--

Dm.g
lb.

-=

Dr@
lb,

186
185
199
199
221
220
265
265
164
166
147
150
118
114
95
100

Q
lb.per
Sq.ft.

lb:pex
Sq.ft,

17.07
16.94
18.21
18.21
20.35
20.23
24.48
24.82
14.98
15.03
13.35
13.39
10.22
10.17
8.64
8.86

Q Drag
lb.per lb.
Sq.ft.

18.25 168
18.32 169
20.96 193
20:73 191
25.40 231
25.05 230
25.96 235
25.76 236
16.82 156
16.87 157
15.32 143
15.20 143
15.39 1.29
13.50 128
11.98 114
il.53 110
9~27 90

Drag
lb.

q
lb.pe]
Sq.ft,

16.31
16.49
18.14
18.02
19.42
19.35
22.70
22*6I,
15.13
15.X3
14.04
13.88
11.42
11.42
10.01
10.I2
8.95
8.80

Q
lb.per
Sq.ft.

17.99
18.01
18.90
18.96
20.18
19.11
25●OO
24.95
14.88
15.14
12.59
13.18
10.58
10.89
8.34
8.65

148

149
161
162
178
179
221
219
135
135
123
119
108
106
%
84

161.

161
169
168
181
170
220
220
134
137
115
121
97
99
7’8
81

16.92
16.97
19.06
19.08
20.30
20.15
26.18
26.28
13.92
1,3.58
11.25
11.28
9*43
9.88

17.78
17.78
25.05
25.05
25.@5
26.26
20.06
20.fm
18.15
18.38
15.03
14.95
13.03
13*U
11.CQ
11,14
9.08
8,72
7.84
7*84

la
122

198
198
212
21.2
247
247
168
168
155
1.55
130
129
U.4
115
102
100

18.40
18.39
20.43
2(LE2
25.40
25.70
16.’72
16.72
15.26
15.05
13.30
13.30
11.58
11.24
9.40
9.41
8.24
8.37

1
9:95 96
7.94 79
8.04 78

Note.- 0 denotesoriginal. ... ,,

.

‘m
@
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*

Ho. 8-0
withoutwing

q [Dr%
lb. per lb.

*
16:70 1140

fi:~ Ifi;

20.25 168
20.35
24.95

1167
203

24.95 205
15*45 K?o
15.14 127
14.04 117
14*14 119
12.98 111
12.69 107
11.84 101
11.92 101
9.92 85
10.19 87
9.00 77
8.FH 73

-.

, . . $*

,

No. 74
7ithoutWing

TaLEII (Continued)

ObservedGrossDrsgData,IncludingLandingGearand !

No. 8-M No. 1o-o No. 1O-M

2
q

lb.per
Sq.ft.

16.63
16.58 ~
19.70
1%.70
20.00
20.00
25.48
25.38
17.07
17.13
14.64
14.64
12.30
12.52
11.00
11.25
8.65
B.84

~r~
lb.

.—
146
145
163
163
174
174
219
218
150
150
130
130
110
111
29
101
79
79

Withoutk@

1.

q Rrsg
lb.per lb.
Eq.ft.

16.42 1141
16.46 141.
18.33 I156
18.60 156
19.95 169
19.91 1s
24.45 206
24.90 209
14040 lcJ~
14.92 15J9

13.01 113
13JX 1:3
11.24 97
11.15 9f?
9.66 84
9.69 85
9.07 xl
9.00 ‘m

I

Notie.-0 denotesoriglnnl.
M II Ndlfied to cool.

{ .,,

.

Withoutwing

q
lb.per
Sq.ft.

16.58
16.56
18.34
18.42
20.43
20.08
,3&&)
24.67
14.98
15.18
13.43
13.s7
U*W
11.90
9*EO
9.48
8.67.
8.C6

)rog

lb.

.15

.15
27
27
.40
.38
.67
.67
.06
.06
94
94
84
85
68
69
a
61

Withoutwing

lb.qper
Sq.ft.

—.
15.96
15.96
17.32
17.S8
18.12
18.00
19.30
19.30
19.35
14052
14.46
12.70
12.69
20.50
20.55
25.CKl
24.35
24.95
10.97
11.11
10.00
10.09

Dreg
lb.

117
117
L27
L27
L31
L31
142
140
143
m9
107
92
94
148
149
LEO
174
L80
63
84
’73
77

?ports.

No. lo-M
With spianer
Without,

q
lb. per
Sq.ft.

16.(XI
16.62
18.10
18.09
19.29
19.30
20.42‘
20.44
24.50
24.95
14.88
14.68
13.41
13.10
11.a
11.96
10.31
10.42
9.79

wing
Dreg
1-I).

122
122
131
131
139
140
148
149
175
179
110
108
100
9?
89
90
77
78
73

,

(

Leadinggeor ?

)rts (3.and SW

Onl

q
lb. per
&g.ft.

16.44
16.56
17.05
17.07
17.01
18.’ZL
18.60
19.’76
19.66
20.91
25.82
15.40
15.30
13*95
14.14
1.2.fS
12.60
10.94
10.94
9.86
9.81
8.24
8.24

G’
—s
72
72
74
75
?4
80
E$3
86
85
89
110
68
67
62
62
56
57
50
60
a
46
39
38

I.—...

m
Oi
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C, 7.0625n
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Fig.6 Cowling No,.9
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Fig.8 Cowling No.1O moii$fiod.Slot in nose moved back.
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Fig.9 Double dcfloctors.
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.Fig,12 CowlingNo.4,engine
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l-l Fig,20CowlingNo.8)original.Fig.21CowlingNo.8,without-outs.
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Appendix
* FlightTestsof No.‘1OCowling

By ThomasCarroll

In orderthatthepracticslvalueof theinformationin ~

theforegoingreportmightbe demonstrated,simpleflighttests —
havebeenmadeof theNo.10 cowling.

Throughthecourtesyof theArmyAirCorpsat LangleyField,

Virginia,a CurtissAT-5Aairplanewasobtainedon whichm
w

adaptationof theNo.10 cowlingwasinstalledas showh;nFig-

? ures34 ad 35. A seriesof flightswasmadeby thethreepi~
.

lotsof thelaboratory.

Themaximumspeedof thistypeairplaneas inuse atLangley

. Fieldhadbeenreportedat 118milesperhour. Thiswaschecked

by makinga seriesoflevelrunswitha CurtissAT-5Aairplane .—.
at low altitudeoverthewaterat fullpower. Themtiimumspeed

wasfoundto be 118milesperhourat 1900R.P.M.,bothair

speedandR.P.M.beingmeasuredon calibratedinstruments.Sim-

ilarhighspeedrunsmadewiththemodifiedAT-5Ashoweda per- —
formanceof13?milesperhourat1900R.P.M.,u increaseof

19 milesperhour. Theoriginalspeedof 118milesperhourwas

attainedat1?20R.P.M.on themodifiedairplane.
*

Whilethetypeof cowlingasnormallyinstalledon an
3 ,

..._
AT-5is notparticularlyadaptableto speed,theincreaseis

consideredremarkable.Furthermore,theimprovementof flying

, qualitiesin smoothnessof operationwas alsoveryfavorably

-i
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.

commenteduponby allpilotswhohaveflownit. Theairflow

over thefuselageandoverthetailsurfacesisveryobviously

improved.

Thecoolingof theenginewasfoundto be normalinthese

tests. Theoiltemperaturereaohed58°andwasfairlyconstant,

andtherewasno otherindicationof overheating.Likewise,

therewasno interferenceto thepilotlsvisionin anyuseful

field.,“

LangleyMemorialAeronauticalLaboratory,
National.AdvisoryCommitteeforAeronautics,

LangleyField,Vs.,October13,1928.
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